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PURPOSE: To realize a stabilized operation while 
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so that a vector in the direction approaching a driven 
body makes an acute angle with a speed vector in the 
drive direction of the driven body. 

CONSTITUTION: Longitudinal and bending oscillations of 
a resilient body 1 1 are detected independently. Based on 
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driven body. This structure stabilizes the operation while 
increasing the thrust and speed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Consist of an elastic body, a drive child fixed to this elastic body, and two or more 
electric ■ mechanical energy sensing elements attached in this elastic body, and a synthetic 
vibration with longitudinal oscillation and crookedness vibration is excited to the 
above-mentioned elastic body. In the ultrasonic motorised equipment which has the ultrasonic 
vibrator which carries out ultrasonic ****** of the above-mentioned drive child, the driven object 
driven by the above-mentioned drive child, and the power source which impresses an alternation 
electrical potential difference to the above-mentioned electric-mechanical energy sensing 
element The 1st oscillating detection means which detects only the above-mentioned 
longitudinal oscillation, and the 2nd oscillating detection means which detects only the 
above-mentioned crookedness vibration, The vector of the direction which is the vector of the 
direction of a major axis of ultrasonic ellipse vibration excited to the above-mentioned drive child, 
and approaches a driven object based on the information on the above 1st and the 2nd oscillating 
detection means, So that the angle made by the velocity vector of the direction which is the 
velocity vector of the tangential direction of this ultrasonic ellipse vibration, and a driven object 
drives may turn into an acute angle Ultrasonic motorised equipment characterized by providing 
the comparison controller which controls at least the frequency of an alternation electrical 
potential difference and one side of a phase which are impressed to two or more above-mentioned 
electric-mechanical energy sensing elements. 

[Claim 2] Consist of an elastic body, a drive child fixed to this elastic body, and two or more 
electric - mechanical energy sensing elements attached in this elastic body, and a synthetic 
vibration with longitudinal oscillation and crookedness vibration is excited to the 
above :mentioned elastic body. In the ultrasonic motorised equipment which has the ultrasonic 
vibrator which carries out ultrasonic ellipse vibration of the above-mentioned drive child, the 
driven object driven by the above-mentioned drive child, and the power source which impresses 
an alternation electrical potential difference to the above-mentioned electric-mechanical energy 
sensing element The 1st oscillating detection means which detects the migration direction of the 
above-mentioned driven object for the above-mentioned longitudinal oscillation as a positive 
sense, The 2nd oscillating detection means which detects the direction of [ from the 
above-mentioned drive child ] a driven object for the above-mentioned crookedness vibration as a 
positive sense, the phase contrast theta of crookedness vibration of as opposed to the 
above-mentioned longitudinal oscillation based on the information on the above 1st and the 2nd 
oscillating detection means - 0 < - theta < - +pi/2 or +pi < theta - < - Below with the 
resonance frequency of the above -mentioned longitudinal oscillation in the frequency range more 
than the resonance frequency of the above-mentioned crookedness vibration so that it may be set 
to +3pi/2 Ultrasonic motorised equipment characterized by having the control means which 
controls at least the frequency of an alternation electrical potential difference and one side of a 
phase which are impressed to said two or more electric-mechanical energy sensing elements. 
[Claim 3] Consist of an elastic body, a drive child fixed to this elastic body, and two or more 
electric - mechanical energy sensing elements attached in this elastic body, and a synthetic 
vibration with longitudinal oscillation and crookedness vibration is excited to the 
above-mentioned elastic body. In the ultrasonic motorised equipment which has the ultrasonic 
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vibrator which carries out ultrasonic ellipse vibration of the above-mentioned drive child, the 
driven object driven by the above-mentioned drive child, and the power source which impresses 
an alternation electrical potential difference to the above-mentioned electric-mechanical energy 
sensing element The 1st oscillating detection means which detects the migration direction of a 
driven object for the above-mentioned longitudinal oscillation as a positive sense, The 2nd 
oscillating detection means which detects the direction of [ from a drive child ] a driven object for 
the above-mentioned crookedness vibration as a positive sense, The resonance frequency of the 
above-mentioned longitudinal oscillation is set up more highly than the resonance frequency of 
the above-mentioned crookedness vibration, and it sets to the frequency range more than the 
resonance frequency of this crookedness vibration below with the resonance frequency of this 
longitudinal oscillation, phase contrast deltaa of vibration to the alternation electrical potential 
difference of this longitudinal oscillation Phase contrast deltab of vibration to the alternation 
electrical potential difference of this crookedness vibration 0 < - (deltaa* deltab) < " With the 
ultrasonic vibrator formed in the configuration used as +pi/2 Based on the information on the 
above 1st and the 2nd oscillating detection means, the phase contrast theta of the 
above-mentioned crookedness vibration to the above-mentioned longitudinal oscillation is theta. 
= pi/4 Or theta = Below with the resonance frequency of the above-mentioned longitudinal 
oscillation so that it may be set to 5pi/4 in the frequency range more than the resonance 
frequency of the above-mentioned crookedness vibration The control means which controls at 
least the frequency of an alternation electrical potential difference and one side of a phase which 
are impressed to said two or more electric- mechanical energy sensing elements, Ultrasonic 
motorised equipment characterized by impressing the alternation electrical potential difference 
from which it provides and a phase differs ** pi/2 in two or more above-mentioned 
electric-mechanical energy sensing elements. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application! This invention relates to ultrasonic motorised equipment. 
[0002] 

[Description of the Prior Art] Generally in an ultrasonic motor, ellipse vibration of the drive child 
in contact with a driven object is carried out, and driving force is generated. What is necessary is 
just to add in more detail vibration from which it is the same frequency and a phase differs to X 
shaft orientations and Y shaft orientations that what is necessary is just to compound two 
vibration of the direction which intersects perpendicularly mutually theoretically, in order to 
generate such ellipse vibration. Therefore, as long as this condition is fulfilled, various 
deformation as structure of the ultrasonic motor itself is possible, for example, the thing of the 
structure which stuck the piezoelectric device for the crookedness for right-and-left vibration on 
the side face of the laminating mold piezoelectric device of the shape of the structure which 
combined the laminating mold piezoelectric device in the two rectangular directions, and a 
rectangular parallelepiped for vertical vibration etc. is known. 

[0003] Then, in Japanese Patent Application No. No. 321096 [ four to ], these people also fixed 
the elastic body for maintenance to three places of the top face of the elastic body of a rectangular 
parallelepiped configuration, and have proposed the ultrasonic vibrator of the structure which 
carried out pinching immobilization of the two laminating mold piezoelectric devices between 
each elastic body for maintenance. The resonance frequency of the longitudinal oscillation of an 
elastic body and crookedness vibration is designed by the dimension mostly in agreement, and 
this ultrasonic vibrator impresses the alternation electrical potential difference from which it is 
resonance frequency and a phase differs in two laminating mold piezoelectric devices. Then, 
ellipse vibration by which vibration of right and left by longitudinal oscillation and vibration of 
the upper and lower sides by crookedness vibration were compounded by the drive child who 
fixed to the base of an elastic body occurs. Since the piezo-electric longitudinal effect of a 
piezoelectric device is used according to this ultrasonic vibrator, electric machine conversion 
efficiency is high and the effectiveness which can be driven by the low battery is acquired. 
[0004] 
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[Problem(s) to be Solved by the Invention] However, with the equipment of above-mentioned 
point ** there was a trouble that dispersion by the individual difference of a product was large, 
and actuation was not necessarily stabilized. That is, when the resonance frequency of 
longitudinal oscillation and the resonance frequency of crookedness vibration were made strictly 
in agreement so that the detailed below-mentioned experimental result may see, or when 
actuation was unstable or it had shifted [ whether the resonance frequency of longitudinal 
oscillation and the resonance frequency of crookedness vibration are merely slight, and ], there 
were what operates good, and a thing which does not operate at all, and the cause was unknown. 
Moreover, when resonance frequency changed with temperature changes also about the same 
product, there was also a trouble that a rate and a thrust will decline. 

[0005] It aims at offering the ultrasonic motorised equipment which this invention was not made 
in view of the above-mentioned trouble, and cannot be concerned with dispersion in a product, or 
change of a service condition, but can always be stabilized, and can drive an ultrasonic motor. 
[0006] 

[Means for Solving the Problem] It found out that a thrust and a rate optimal [ a drive child's 
ultrasonic ellipse vibration ] considering as an about (about [ or ] 5pi/4) pi/4 phase contrast 
ellipse and big were obtained, and artificers were stabilized, and operated. 

[0007] Then, the ultrasonic motorised equipment of this invention which relates to claim 1 in 
order to attain the above-mentioned purpose Consist of an elastic body, a drive child fixed to this 
elastic body, and two or more electric - mechanical energy sensing elements attached in this 
elastic body, and a synthetic vibration with longitudinal oscillation and crookedness vibration is 
excited to the above-mentioned elastic body. In the ultrasonic motorised equipment which has 
the ultrasonic vibrator which carries out ultrasonic ellipse vibration of the above-mentioned 
drive child, the driven object driven by the above-mentioned drive child, and the power source 
which impresses an alternation electrical potential difference to the above-mentioned 
electric-mechanical energy sensing element The 1st oscillating detection means which detects 
only the above-mentioned longitudinal oscillation, and the 2nd oscillating detection means which 
detects only the above-mentioned crookedness vibration, The vector of the direction which is the 
vector of the direction of a major axis of ultrasonic ellipse vibration excited to the 
above-mentioned drive child, and approaches a driven object based on the information on the 
above 1st and the 2nd oscillating detection means, So that the angle made by the velocity vector 
of the direction which is the velocity vector of the tangential direction of this ultrasonic ellipse 
vibration, and a driven object drives may turn into an acute angle It is characterized by having 
the control means which controls at least the frequency of an alternation electrical potential 
difference and one side of a phase which are impressed to two or more above-mentioned 
electric-mechanical energy sensing elements. 

[0008] Moreover, the ultrasonic motorised equipment of this invention concerning claim 2 The 
driven object which it consists of [ object ] an elastic body, a drive child fixed to this elastic body, 
and two or more electric - mechanical energy sensing elements attached in this elastic body, and 
has a synthetic vibration with longitudinal oscillation and crookedness vibration excited by the 
above-mentioned elastic body, In the ultrasonic motorised equipment which has the power source 
which impresses an alternation electrical potential difference to the above-mentioned 
electric-mechanical energy sensing element The 1st oscillating detection means which detects 
the migration direction of the above-mentioned driven object for the above-mentioned 
longitudinal oscillation as a positive sense, The 2nd oscillating detection means which detects 
the direction of [ from the above-mentioned drive child ] a driven object for the above-mentioned 
crookedness vibration as a positive sense, the phase contrast theta of crookedness vibration of as 
opposed to the above-mentioned longitudinal oscillation based on the information on the above 
1st and the 2nd oscillating detection means - 0 < - theta < - +pi/2 or +pi < - theta < - Below 
with the resonance frequency of the above-mentioned longitudinal oscillation in the frequency 
range more than the resonance frequency of the above-mentioned crookedness vibration so that 
it may be set to +3pi/2 It is characterized by having the control means which controls at least the 
frequency of an alternation electrical potential difference and one side of a phase which are 
impressed to said two or more electric-mechanical energy sensing elements. 
[0009] Moreover, the ultrasonic motorised equipment of this invention concerning claim 3 
Consist of an elastic body, a drive child fixed to this elastic body, and two or more electric - 
mechanical energy sensing elements attached in this elastic body, and a synthetic vibration with 
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longitudinal oscillation and crookedness vibration is excited to the above-mentioned elastic body. 
In the ultrasonic motorised equipment which has the ultrasonic vibrator which carries out 
ultrasonic ellipse vibration of the above-mentioned drive child, the driven object driven by the 
above-mentioned drive child, and the power source which impresses an alternation electrical 
potential difference to the above-mentioned electric-mechanical energy sensing element The 1st 
oscillating detection means which detects the migration direction of a driven object for the 
above-mentioned longitudinal oscillation as a positive sense, The 2nd oscillating detection means 
which detects the direction of [ from a drive child ] a driven object for the above-mentioned 
crookedness vibration as a positive sense, The resonance frequency of the above-mentioned 
longitudinal oscillation is set up more highly than the resonance frequency of the 
above-mentioned crookedness vibration, and it sets to the frequency range more than the 
resonance frequency of this crookedness vibration below with the resonance frequency of this 
longitudinal oscillation, phase contrast deltaa of vibration to the alternation electrical potential 
difference of this longitudinal oscillation Phase contrast deltab of vibration to the alternation 
electrical potential difference of this crookedness vibration 0 < -- (deltaa deltab) < - With the 
ultrasonic vibrator formed in the configuration used as +pi/2 Based on the information on the 
above 1st and the 2nd oscillating detection means, the phase contrast theta of the 
above-mentioned crookedness vibration to the above-mentioned longitudinal oscillation is theta. 
= pi/4 Or theta = Below with the resonance frequency of the above-mentioned longitudinal 
oscillation so that it may be set to 5pi/4 in the frequency range more than the resonance 
frequency of the above-mentioned crookedness vibration The control means which controls at 
least the frequency of an alternation electrical potential difference and one side of a phase which 
are impressed to said two or more electric-mechanical energy sensing elements is provided, and 
it is characterized by impressing the alternation electrical potential difference from which a 
phase differs ** pi/2 in two or more above-mentioned electric-mechanical energy sensing 
elements. 
[0010] 

[Function] By controlling the frequency or phase of an alternation electrical potential difference 
to impress by the ultrasonic motorised equipment of this invention which consists of the 
above-mentioned configuration, it drives so that a drive child's ultrasonic ellipse vibration may 
serve as an about (about [ or ] 5pi/4) pi/4 phase contrast ellipse, as shown in drawing 5 (b), in 
phase contrast pi / 4, the ellipse vibration at this time draws an ellipse upward slanting to the 
right, when it is forward a driving direction - rightward and when it is negative a driving 
direction - leftward it draws the ellipse of a left riser in phase contrast 5pi/4. When a drive 
child will move rightward, going up if the case of the former is explained now, and it passes over 
the right best point, it turns out that the locus which returns leftward is taken, descending. That 
is, when going up so that a drive child may thrust up a driven object, the contact pressure to a 
driven object becomes high, but since it drives rightward in the state of this high contact 
pressure, powerful driving force is obtained. And since it descends so that it may secede from a 
driven object when a drive child returns leftward, the force will not reach, but a driven object will 
be driven rightward by the above repeat. 

[0011] More generally in claim 1, the above-mentioned ellipse vibration upward slanting to the 
right was expressed. Although it is known as the so-called Lissajous figure that the phase 
contrast of vibration of the XY direction will serve as an ellipse upward slanting to the right by 
pi/4 in a rectangular coordinate system, the oscillating component in an ultrasonic vibrator does 
not necessarily intersect perpendicularly mutually. Then, it is claim 1 which was considered as 
the more general expression. 

[0012] In claim 2, we decided that phase contrast is in pi/4 order, i.e., the range of 0 * pi/2, 
supposing the rectangular coordinate system. 

[0013] In claim 3, phase contrast was more restrictively specified as pi/4, and the conditions of an 
and also [ it is the need ] were also added. 

[0014] Hereafter, the example of the ultrasonic motorised equipment applied to this invention 
with reference to an accompanying drawing is explained. First, the example 1 of this invention is 
explained. Drawing 1 is the perspective view showing an ultrasonic vibrator. 
[0015] The basic elastic body 11 formed brass material in the **** type, and the dimension is 
4mm in width of face of 30mm, and depth (except for heights), and it made ten kinds whose 
height H is 6-9mm as an experiment. The dimension of heights is 4mm in width of face of 4mm, 
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height of 2.5mm, and depth. The phi2mm stainless steel pin 16 is pressed fit in the location of 
6mm from the base in the core of the cross direction of the basic elastic body 11. 
[0016] The laminating mold piezoelectric device 12 carried out hundreds of several 10- sheet 
laminating of the piezoelectric device by which electrotreatment was carried out, and 2x3xNLA-9 
molds (dimension 2mmx3.1mmx9mm) of Tokin Corp. were used for it by this example. In 
addition, side faces other than the both-ends side of the laminating mold piezoelectric device 12 
are covered with epoxy system resin with a thickness of 0.5mm. The electrode to the laminating 
mold piezoelectric device 12 on the left-hand side of drawing is set to A and GND here, and the 
electrode to the right-hand side laminating mold piezoelectric device 12 will be similarly set to B 
and GND, and it will be called [ an A phase, a call, and ] a B phase. 

[0017] Two laminating mold piezoelectric devices 12 and 12 are arranged so that the heights of 
the basic elastic body 11 may be put, they are put by the elastic members 13 and 13 (width of face 
of 4mm, height of 2.5mm, depth of 4mm) for maintenance by which the screw 14 stop was further 
carried out to the basic elastic body 11 from the both sides, and where compressive force is 
received in a longitudinal direction, they are being fixed. The both ends of the laminating mold 
piezoelectric device 12, the heights of the basic elastic body 11, and the elastic body 13 for 
maintenance are fixed with the adhesives of an epoxy system here. The contact surface of the 
laminating mold piezoelectric device 12 and the basic elastic body 11 is also pasted up with epoxy 
system adhesives. 

[0018] The drive child 15 is the thing of the shape of a rectangle with width of face of 3mm which 
consists of grinding stone material which made resin distribute the abrasive grain of alumina 
ceramics, a thickness [ of 1mm ], and a depth of 4mm, and has pasted the location of 9mm from 
the both ends of the base of the basic elastic body 11. This location is equivalent to the antinode 
of crookedness vibration, and the amplitude of resonance crookedness vibration is the location 
which shows the maximal value. 

[0019] Next, actuation of an ultrasonic vibrator is explained. According to the computer analysis 
by the finite element method, the primary resonance longitudinal oscillation as shown in 
drawing 2 (a), and the secondary resonance crookedness vibration as shown in this drawing (b) 
can excite the ultrasonic vibrator of the above-mentioned dimension on the same frequency 
mostly. The frequency is 53 56kHz. Then, it is amplitude 10 ****-p at this resonance frequency. 
The alternation electrical potential difference was impressed to the A phase and the B phase. 
When the phase of an A phase and a B phase was first made in phase, the primary resonance 
longitudinal oscillation as shown in drawing 2 (a) was excited. Next, when the phase of an A 
phase and a B phase was made into the opposite phase, the secondary resonance crookedness 
vibration as shown in drawing 2 (b) was excited. Furthermore, when the phase of an A phase and 
a B phase was shifted 90 degrees, ultrasonic ellipse vibration was excited by the drive child 15 
neighborhood. 

[0020] Below, the ultrasonic linear motor which used the above-mentioned ultrasonic vibrator is 
explained. Drawing 3 is the front view of an ultrasonic linear motor. With this ultrasonic linear 
motor, the driven object slack migration section 32, the slide member attaching part 33, and a 
slide member 34 drive the fixed part 30 top of a cloth roller guide right and left with an 
ultrasonic vibrator 10 as illustration. 

[0021] The ultrasonic vibrator 10 is pivoted between two maintenance plates 21 by the pin 16, 
and the screw 23 stop of the maintenance plate 21 is carried out to the attachment member 22, 
and it is shown to the attachment member 22 to it to it by the linear bush 24 free [ sliding ] in 
accordance with the shaft 25. Moreover, the shaft 25 is being fixed to the pedestal 27 through the 
holddown member 26. Therefore, the ultrasonic vibrator 10 has the degree of freedom of rotation 
of the circumference of a pin 16, and the degree of freedom by vertical migration of a pin 16. And 
between said holddown members 26 and attachment members 22, the spring 29 which can carry 
out adjustable [ of the thrust ] with a stretching screw 28 is infixed. 

[0022] The screw 31 stop is carried out to the pedestal 27, on the other hand, the slide member 34 
which consists of zirconia ceramics through the slide member attaching part 33 has pasted the 
migration section 32 of a cloth roller guide, and the fixed part 30 of a cloth roller guide touches 
the drive children 15 and 15 of an ultrasonic vibrator 10. 

[0023] Below, actuation of this ultrasonic linear motor is explained. The alternation electrical 
potential difference of 53 56kHz is impressed to the A phase and B phase of an ultrasonic 
vibrator 10 as mentioned above, and phase contrast is made into 90 degrees (or -90 degrees). 
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Then, ultrasonic ellipse vibration is excited by the drive child 15 of an ultrasonic vibrator 10, and 
the migration section 32 moves to right and left. Then, ten kinds of ultrasonic vibrators with 
which height H differs as mentioned above were made as an experiment, and the motor property 
was evaluated. The result is shown below. 
[0024] 
[Table 1] 
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[0025] In Table 1, it is shown that the motor actuation O mark operated good, and although ** 
mark operates, it is shown whether a very unstable thing and x mark operate at all and that a 
thrust and a rate were hardly obtained even if it operated. Moreover, drive frequency was more 
than the crookedness oscillating resonance frequency of front Naka, and was below 
longitudinal-oscillation resonance frequency (the unit of a table is kHz). From this result, when 
crookedness oscillating resonance frequency was not below longitudinal-oscillation resonance 
frequency, not operating to stability became clear. 

[0026] Tb the above experimental result, in order to explore the cause, the following experiments 
were conducted. As shown in drawing 4 , the piezoelectric device 110 by which polarization was 
carried out to the side face of an ultrasonic vibrator 100 in the thickness direction as an 
oscillating sensing element was pasted up. This piezoelectric device is 0.3mm in width of face of 
10mm, height of 3mm, and thickness. An adhesion location is right above [ of a drive child ]. It 
pasted up so that the sense of polarization might turn [ field / of the side front of vibrator ] to 
identitas, and it connected to the serial, and considered as Fl terminal. In the rear face of 
vibrator, the polarization sense was made reverse to mutual, and it considered as F2 terminal. 
Fl terminal detects only the longitudinal oscillation of an elastic body, and F2 terminal detects 
only crookedness vibration so that the oscillation mode of drawing 2 may show, 
[0027] Now, the longitudinal oscillation at the time of electrical-potential-difference impression 
and crookedness vibration were detected to coincidence with Fl and F2 terminal about the 
ultrasonic vibrator to the prototype numbers 0-9. The result is shown in drawing 5 . In this 
drawing, the driven object located up drives to a longitudinal direction. Moreover, that it is with 
positive/negative expresses the time of the forward direction drive and the negative direction 
drive. 

[0028] Drawing 5 (a) has the shape of oscillatory type of the vibrator of the prototype number 0. 
It turns out that it is almost straight- line round trip vibration. In this case, although it does not 
operate or operates, a rate and a thrust hardly come out. 

[0029] Drawing 5 (b) has the shape of oscillatory type of the vibrator of the prototype numbers 
1-5. It has an ellipse upward slanting to the right. In this case, it is stabilized good and operates. 
When the phase contrast of crookedness vibration was set to +pi/4 or 5pi/4 especially to 
longitudinal oscillation (when it is the negative direction drive) (when it is the forward direction 
drive), the maximum thrust and the rate were obtained. 

[0030] Drawing 5 (c) has the shape of oscillatory type of the vibrator of the prototype number 6. 
Although the perfect circle is shown in drawing, it becomes a longwise or oblong ellipse according 
to the amplitude difference of longitudinal oscillation and crookedness vibration in fact. At this 
time, actuation was unstable. When the main shaft of an ellipse was parallel to the driving 
direction of a driven object from now on, it turned out that actuation becomes unstable. 
[0031] Drawing 5 (d) has the shape of oscillatory type of the vibrator of the prototype numbers 
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7-9. Although it does not operate in this case, either or operates, a rate and a thrust hardly come 
out. 

[0032] The above experimental result showed a motor being stabilized and not operating, unless 
it is an ellipse vibration upward slanting to the right as shown in drawing 5 (b). 
[0033] This means that it is in the range of 0 ■ pi/2 before and after phase contrast sandwiched 
pi/4, if it thinks by the Lissajous figure of XY rectangular coordinate system. Furthermore, as 
indicated to claim 1 in addition to the rectangular coordinate system, it means that the angle of 
the vector of the direction which is the vector of the direction of a major axis of ellipse vibration, 
and approaches a driven object, and the velocity vector of the direction which is the velocity 
vector of the tangential direction of this ultrasonic ellipse vibration, and a driven object drives to 
make turns into an acute angle. 

[0034] Next, when the sweep of the amplitude of each oscillation mode and the relation of a 
phase to applied voltage was carried out and the frequency was investigated to the vibrator of 
the prototype numbers 0 9, it became like drawing 6 . In drawing, fl is the resonance frequency of 
longitudinal oscillation and fb is the resonance frequency of crookedness vibration. 
[0035] In the case of the vibrator of the prototype number 0, longitudinal-oscillation mode 
corresponded to the oscillation mode 1, crookedness vibration corresponded to the oscillation 
mode 2, and the phase contrast between fl and fb was pi/2. 

[0036] In the case of the vibrator of the prototype numbers 1-5, longitudinal-oscillation mode 
corresponded to the oscillation mode 1, crookedness vibration corresponded to the oscillation 
mode 2, and the phase contrast between fl and fb exceeded 0, and was less than pi/2. 
[0037] Although longitudinal-oscillation mode corresponded to the oscillation mode 1 in the case 
of the vibrator of the prototype number 6 and crookedness vibration corresponded to the 
oscillation mode 2, most both curves were in agreement. For this reason, fl and fb were in 
agreement and phase contrast was 0. 

[0038] It was longitudinal oscillation that it is the crookedness oscillation mode to deal with the 
oscillation mode 1 in the case of the vibrator of the prototype numbers 7-9, and it deals with the 
oscillation mode 2, and the phase contrast between fl and fb was zero or more. 
[0039] As indicated from the above experimental result to claim 3 as an ultrasonic vibrator Set 
up the resonance frequency of longitudinal oscillation more highly than the resonance frequency 
of crookedness vibration, and it sets to the frequency range more than the resonance frequency of 
crookedness vibration below with the resonance frequency of longitudinal oscillation. Phase 
contrast deltaa of vibration to the alternation electrical potential difference of longitudinal 
oscillation It turned out that it is desirable that phase contrast deltab of vibration to the 
alternation electrical potential difference of crookedness vibration forms in the configuration 
used as 0<(deltaa-deltab) <+pi/2. And the actuation stabilized when the alternation electrical 
potential difference from which a phase differs ** pi/2 in the frequency range more than the 
resonanCe frequency of crookedness vibration was impressed to the laminating mold 
piezoelectric device below with the resonance frequency of longitudinal oscillation at this time is 
obtained. 

[0040] However, the above thing is realized when the resonance frequency of an ultrasonic 
vibrator is fixed, in an actual ultrasonic vibrator, while in use, an about 30-degree C temperature 
rise arises, and resonance frequency falls [ longitudinal oscillation and crookedness vibration ]. 
[0041] Then, consider as a drive circuit as shown in drawing 7 , and the detecting signal from Fl 
and F2 terminal is inputted into a comparison controller. Based on the information on these 
oscillating detection means, the phase contrast theta of the crookedness vibration to longitudinal 
oscillation 0<theta<+pi/2, Or the frequency and phase of an alternation electrical potential 
difference which are impressed to two laminating mold piezoelectric devices were controlled 
below by the resonance frequency of longitudinal oscillation in the frequency range more than 
the resonance frequency of crookedness vibration to be set to + pi<theta <+3pi/2. That is, a 
comparison controller controls the oscillation frequency of an oscillator and controls phase 
contrast by the phase shifter further. This is amplified and an alternation electrical potential 
difference is impressed to an A phase and a B phase. 

[0042] In this example, the thrust and rate which were stabilized even if it was the case where 
the temperature of an ultrasonic vibrator changed with the above control, and resonance 
frequency shifted were obtained. In addition, although two laminating mold piezoelectric devices 
were used in this example, also when three or more electric machine sensing elements are used, 
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it can apply, 
[0043] 

[Example 2] Next, the example 2 of this invention is explained. Drawing 8 is the block diagram 
showing the drive circuit of this example. The ultrasonic vibrator, the configuration of a linear 
motor, and the operation are the same as that of an example 1. In this example, the phase 
contrast of the alternation electrical potential difference impressed to the A phase of an 
ultrasonic vibrator and a B phase was fixed to ** pi/2. And only the frequency was controlled by 
the comparison controller. That is, based on the information on Fl and F2, the comparison 
controller of drawing 8 is a frequency range more than the resonance frequency of the 
crookedness vibration below with the resonance frequency of longitudinal oscillation, and 
outputs to an oscillator the signal which controls the frequency of the alternation electrical 
potential difference impressed to two laminating mold piezoelectric devices so that the phase 
contrast theta of the crookedness vibration to longitudinal oscillation may be set to theta=pi / 4, 
or theta=5pi/4. 

[0044] In this example, the thrust and rate which were stabilized even if it was the case where 
the temperature of an ultrasonic vibrator changed with the above control, and resonance 
frequency shifted were obtained. In addition, this example has the advantage to which circuitry 
becomes easy rather than an example 1. 

[0045] In addition, although this invention is not limited to the above-mentioned example, 
compounded longitudinal oscillation and crookedness vibration in the above-mentioned example 
and ultrasonic ellipse vibration was obtained, even if it combines torsional oscillation, skid 
vibration, respiratory vibration, spread vibration, etc., it is realizable similarly, for example. 
Moreover, although applied about the ultrasonic motor of a linear mold in the above-mentioned 
(example, the application to the ultrasonic motor of body of revolution, then a rotation mold is 
also possible in a mobile. 
[0046] 

[Effect of the Invention] The thrust and rate which were stabilized even if it was the case where 
according to the ultrasonic motorised equipment of this invention the temperature of an 
ultrasonic vibrator changed and resonance frequency shifted, as explained above are obtained. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to ultrasonic motorised equipment. 



PRIOR ART 



[Description of the Prior Art] Generally in an ultrasonic motor, ellipse vibration of the drive child 
in contact with a driven object is carried out, and driving force is generated. What is necessary is 
just to add in more detail vibration from which it is the same frequency and a phase differs to X 
shaft orientations and Y shaft orientations that what is necessary is just to compound two 
vibration of the direction which intersects perpendicularly mutually theoretically, in order to 
generate such ellipse vibration. Therefore, as long as this condition is fulfilled, various 
deformation as structure of the ultrasonic motor itself is possible, for example, the thing of the 
structure which stuck the piezoelectric device for the crookedness for right-and-left vibration on 
the side face of the laminating mold piezoelectric device of the shape of the structure which 
combined the laminating mold piezoelectric device in the two rectangular directions, and a 
rectangular parallelepiped for vertical vibration etc. is known. 

[0003] Then, in Japanese Patent Application No. No. 321096 [ four to ], these people also fixed 
the elastic body for maintenance to three places of the top face of the elastic body of a rectangular 
parallelepiped configuration, and have proposed the ultrasonic vibrator of the structure which 
carried out pinching immobilization of the two laminating mold piezoelectric devices between 
each elastic body for maintenance. The resonance frequency of the longitudinal oscillation of an 
elastic body and crookedness vibration is designed by the dimension mostly in agreement, and 
this ultrasonic vibrator impresses the alternation electrical potential difference from which it is 
resonance frequency and a phase differs in two laminating mold piezoelectric devices. Then, 
ellipse vibration by which vibration of right and left by longitudinal oscillation and vibration of 



8/15 



the upper and lower sides by crookedness vibration were compounded by the drive child who 
fixed to the base of an elastic body occurs. Since the piezo-electric longitudinal effect of a 
piezoelectric device is used according to this ultrasonic vibrator, electric -machine conversion 
efficiency is high and the effectiveness which can be driven by the low battery is acquired. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The thrust and rate which were stabilized even if it was the case where 
according to the ultrasonic motorised equipment of this invention the temperature of an 
ultrasonic vibrator changed and resonance frequency shifted, as explained above are obtained. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, with the equipment of above-mentioned 
point ** there was a trouble that dispersion by the individual difference of a product was large, 
and actuation was not necessarily stabilized. That is, when the resonance frequency of 
longitudinal oscillation and the resonance frequency of crookedness vibration were made strictly 
in agreement so that the detailed below-mentioned experimental result may see, or when 
actuation was unstable or it had shifted [ whether the resonance frequency of longitudinal 
oscillation and the resonance frequency of crookedness vibration are merely slight, and ], there 
were what operates good, and a thing which does not operate at all, and the cause was unknown. 
Moreover, when resonance frequency changed with temperature changes also about the same 
product, there was also a trouble that a rate and a thrust will decline. 

[0005] It aims at offering the ultrasonic motorised equipment which this invention was not made 
in view of the above-mentioned trouble, and cannot be concerned with dispersion in a product, or 
change of a service condition, but can always be stabilized, and can drive an ultrasonic motor. 



MEANS 



[Means for Solving the Problem] It found out that a thrust and a rate optimal [ a drive child's 
ultrasonic ellipse vibration ] considering as an about (about [ or ] 5pi/4) pi/4 phase contrast 
ellipse and big were obtained, and artificers were stabilized, and operated. 

[0007] Then, the ultrasonic motorised equipment of this invention which relates to claim 1 in 
order to attain the above-mentioned purpose Consist of an elastic body, a drive child fixed to this 
elastic body, and two or more electric - mechanical energy sensing elements attached in this 
elastic body, and a synthetic vibration with longitudinal oscillation and crookedness vibration is 
excited to the above-mentioned elastic body. It is characterized by equipping with the following 
the ultrasonic motorised equipment which has the ultrasonic vibrator which carries out 
ultrasonic ellipse vibration of the above-mentioned drive child, the driven object driven by the 
above-mentioned drive child, and the power source which impresses an alternation electrical 
potential difference to the above-mentioned electric-mechanical energy sensing element. The 1st 
oscillating detection means which detects only the above-mentioned longitudinal oscillation The 
2nd oscillating detection means which detects only the above-mentioned crookedness vibration 
The vector of the direction which is the vector of the direction of a major axis of ultrasonic ellipse 
vibration excited to the above-mentioned drive child, and approaches a driven object based on 
the information on the above 1st and the 2nd oscillating detection means, The control means 
which controls at least the frequency of an alternation electrical potential difference and one side 
of a phase which are impressed to two or more above-mentioned electric-mechanical energy 
sensing elements so that the angle made by the velocity vector of the direction which is the 
velocity vector of the tangential direction of this ultrasonic ellipse vibration, and a driven object 
drives turns into an acute angle 

[0008] Moreover, the ultrasonic motorised equipment of this invention concerning claim 2 
consists of an elastic body, a drive child who were fixed to this elastic body, and two or more 
electric - mechanical-energy sensing elements which were attached in this elastic body, and is 
characterized by to equip with the following the ultrasonic motorised equipment which has the 
driven object which has a synthetic vibration with longitudinal oscillation and crookedness 
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vibration excited by the above-mentioned elastic body, and the power source which impresses an 
alternation electrical potential difference to the above-mentioned electric - mechanical-energy 
sensing element. The 1st oscillating detection means which detects the migration direction of the 
above-mentioned driven object for the above-mentioned longitudinal oscillation as a positive 
sense The 2nd oscillating detection means which detects the direction of [ from the 
above-mentioned drive child 1 a driven object for the above-mentioned crookedness vibration as a 
positive sense the phase contrast theta of crookedness vibration of as opposed to the 
above-mentioned longitudinal oscillation based on the information on the above 1st and the 2nd 
oscillating detection means - 0 < - theta < - +pi/2 or +pi < - theta < - Control means which 
controls at least the frequency of an alternation electrical potential difference and one side of a 
phase which are impressed to said two or more electric-mechanical energy sensing elements 
below by the resonance frequency of the above-mentioned longitudinal oscillation in the 
frequency range more than the resonance frequency of the above-mentioned crookedness 
vibration to be set to +3pi/2 

[0009] Moreover, the ultrasonic motorised equipment of this invention concerning claim 3 
Consist of an elastic body, a drive child fixed to this elastic body, and two or more electric - 
mechanical energy sensing elements attached in this elastic body, and a synthetic vibration with 
longitudinal oscillation and crookedness vibration is excited to the above-mentioned elastic body. 
In the ultrasonic motorised equipment which has the ultrasonic vibrator which carries out 
ultrasonic ellipse vibration of the above-mentioned drive child, the driven object driven by the 
above-mentioned drive child, and the power source which impresses an alternation electrical 
potential difference to the above-mentioned electric-mechanical energy sensing element The 1st 
oscillating detection means which detects the migration direction of a driven object for the 
above-mentioned longitudinal oscillation as a positive sense, The 2nd oscillating detection means 
which detects the direction of [ from a drive child ] a driven object for the above-mentioned 
crookedness vibration as a positive sense, The resonance frequency of the above-mentioned 
longitudinal oscillation is set up more highly than the resonance frequency of the 
above-mentioned crookedness vibration, and it sets to the frequency range more than the 
resonance frequency of this crookedness vibration below with the resonance frequency of this 
longitudinal oscillation, phase contrast deltaa of vibration to the alternation electrical potential 
difference of this longitudinal oscillation Phase contrast deltab of vibration to the alternation 
electrical potential difference of this crookedness vibration 0 < (deltaadeltab) < - With the 
ultrasonic vibrator formed in the configuration used as +pi/2 Based on the information on the 
above 1st and the 2nd oscillating detection means, the phase contrast theta of the 
above-mentioned crookedness vibration to the above-mentioned longitudinal oscillation is theta. 
= pi/4 Or theta = Below with the resonance frequency of the above-mentioned longitudinal 
oscillation so that it may be set to 5pi/4 in the frequency range more than the resonance 
frequency of the above-mentioned crookedness vibration The control means which controls at 
least the frequency of an alternation electrical potential difference and one side of a phase which 
are impressed to said two or more electric-mechanical energy sensing elements is provided, and 
it is characterized by impressing the alternation electrical potential difference from which a 
phase differs ** pi/2 in two or more above-mentioned electric- mechanical energy sensing 
elements. 



OPERATION 



[Function] By controlling the frequency or phase of an alternation electrical potential difference 
to impress by the ultrasonic motorised equipment of this invention which consists of the 
above-mentioned configuration, it drives so that a drive child's ultrasonic ellipse vibration may 
serve as an about (about [ or ] 5pi/4) pi/4 phase contrast ellipse, as shown in drawing 5 (b), in 
phase contrast pi / 4, the ellipse vibration at this time draws an ellipse upward slanting to the 
right, when it is forward a driving direction - rightward and when it is negative a driving 
direction - leftward it draws the ellipse of a left riser in phase contrast 5pi/4. When a drive 
child will move rightward, going up if the case of the former is explained now, and it passes over 
the right best point, it turns out that the locus which returns leftward is taken, descending. That 
is, when going up so that a drive child may thrust up a driven object, the contact pressure to a 
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driven object becomes high, but since it drives rightward in the state of this high contact 
pressure, powerful driving force is obtained. And since it descends so that it may secede from a 
driven object when a drive child returns leftward, the force will not reach, but a driven object will 
be driven rightward by the above repeat. 

[0011] More generally in claim 1, the above-mentioned ellipse vibration upward slanting to the 
right was expressed. Although it is known as the so-called Lissajous figure that the phase 
contrast of vibration of the XY direction will serve as an ellipse upward slanting to the right by 
pi/4 in a rectangular coordinate system, the oscillating component in an ultrasonic vibrator does 
not necessarily intersect perpendicularly mutually. Then, it is claim 1 which was considered as 
the more general expression. 

[0012] In claim 2, we decided that phase contrast is in pi/4 order, i.e., the range of 0 - pi/2, 
supposing the rectangular coordinate system. 

[0013] In claim 3, phase contrast was more restrictively specified as pi/4, and the conditions of an 
and also [ it is the need ] were also added. 

[0014] Hereafter, the example of the ultrasonic motorised equipment applied to this invention 
with reference to an accompanying drawing is explained. First, the example 1 of this invention is 
explained. Drawing 1 is the perspective view showing an ultrasonic vibrator. 
[0015] The basic elastic body 11 formed brass material in the **** type, and the dimension is 
4mm in width of face of 30mm, and depth (except for heights), and it made ten kinds whose 
height H is 6 9mm as an experiment. The dimension of heights is 4mm in width of face of 4mm, 
height of 2.5mm, and depth. The phi2mm stainless steel pin 16 is pressed fit in the location of 
6mm from the base in the core of the cross direction of the basic elastic body 11. 
[0016] The laminating mold piezoelectric device 12 carried out hundreds of several 10- sheet 
laminating of the piezoelectric device by which electrotreatment was carried out, and 2x3xNLA-9 
molds (dimension 2mmx3.1mmx9mm) of Tokin Corp. were used for it by this example. In 
addition, side faces other than the bothends side of the laminating mold piezoelectric device 12 
are covered with epoxy system resin with a thickness of 0.5mm. The electrode to the laminating 
mold piezoelectric device 12 on the left-hand side of drawing is set to A and GND here, and the 
electrode to the right-hand side laminating mold piezoelectric device 12 will be similarly set to B 
and GND, and it will be called [ an A phase, a call, and ] a B phase. 

[0017] Two laminating mold piezoelectric devices 12 and 12 are arranged so that the heights of 
the basic elastic body 11 may be put, they are put by the elastic members 13 and 13 (width of face 
of 4mm, height of 2.5mm, depth of 4mm) for maintenance by which the screw 14 stop was further 
carried out to the basic elastic body 11 from the both sides, and where compressive force is 
received in a longitudinal direction, they are being fixed. The both ends of the laminating mold 
piezoelectric device 12, the heights of the basic elastic body 11, and the elastic body 13 for 
maintenance are fixed with the adhesives of an epoxy system here. The contact surface of the 
laminating mold piezoelectric device 12 and the basic elastic body 11 is also pasted up with epoxy 
system adhesives. 

[0018] The drive child 15 is the thing of the shape of a rectangle with width of face of 3mm which 
consists of grinding stone material which made resin distribute the abrasive grain of alumina 
ceramics, a thickness [ of 1mm ], and a depth of 4mm, and has pasted the location of 9mm from 
the both ends of the base of the basic elastic body 11. This location is equivalent to the antinode 
of crookedness vibration, and the amplitude of resonance crookedness vibration is the location 
which shows the maximal value. 

[0019] Next, actuation of an ultrasonic vibrator is explained. According to the computer analysis 
by the finite element method, the primary resonance longitudinal oscillation as shown in 
drawing 2 (a), and the secondary resonance crookedness vibration as shown in this drawing (b) 
can excite the ultrasonic vibrator of the above-mentioned dimension on the same frequency 
mostly. The frequency is 53- 56kHz. Then, it is amplitude 10 ****-p at this resonance frequency. 
The alternation electrical potential difference was impressed to the A phase and the B phase. 
When the phase of an A phase and a B phase was first made in phase, the primary resonance 
longitudinal oscillation as shown in drawing 2 (a) was excited. Next, when the phase of an A 
phase and a B phase was made into the opposite phase, the secondary resonance crookedness 
vibration as shown in drawing 2 (b) was excited. Furthermore, when the phase of an A phase and 
a B phase was shifted 90 degrees, ultrasonic ellipse vibration was excited by the drive child 15 
neighborhood. 
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[0020] Below, the ultrasonic linear motor which used the above-mentioned ultrasonic vibrator is 
explained. Drawing 3 is the front view of an ultrasonic linear motor. With this ultrasonic linear 
motor, the driven object slack migration section 32, the slide member attaching part 33, and a 
slide member 34 drive the fixed part 30 top of a cloth roller guide right and left with an 
ultrasonic vibrator 10 as illustration. 

[0021] The ultrasonic vibrator 10 is pivoted between two maintenance plates 21 by the pin 16, 
and the screw 23 stop of the maintenance plate 21 is carried out to the attachment member 22, 
and it is shown to the attachment member 22 to it to it by the linear bush 24 free [ sliding ] in 
accordance with the shaft 25. Moreover, the shaft 25 is being fixed to the pedestal 27 through the 
holddown member 26. Therefore, the ultrasonic vibrator 10 has the degree of freedom of rotation 
of the circumference of a pin 16, and the degree of freedom by vertical migration of a pin 16. And 
between said holddown members 26 and attachment members 22, the spring 29 which can carry 
out adjustable [ of the thrust ] with a stretching screw 28 is infixed. 

[0022] The screw 31 stop is carried out to the pedestal 27, on the other hand, the slide member 34 
which consists of zirconia ceramics through the slide member attaching part 33 has pasted the 
migration section 32 of a cloth roller guide, and the fixed part 30 of a cloth roller guide touches 
the drive children 15 and 15 of an ultrasonic vibrator 10. 

[0023] Below, actuation of this ultrasonic linear motor is explained. The alternation electrical 
potential difference of 53- 56kHz is impressed to the A phase and B phase of an ultrasonic 
vibrator 10 as mentioned above, and phase contrast is made into 90 degrees (or -90 degrees). 
Then, ultrasonic ellipse vibration is excited by the drive child 15 of an ultrasonic vibrator 10, and 
the migration section 32 moves to right and left. Then, ten kinds of ultrasonic vibrators with 
which height H differs as mentioned above were made as an experiment, and the motor property 
was evaluated. The result is shown below. 
[0024] 
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[0025] In Table 1, it is shown that the motor actuation O mark operated good, and although ** 
mark operates, it is shown whether a very unstable thing and x mark operate at all and that a 
thrust and a rate were hardly obtained even if it operated. Moreover, drive frequency was more 
than the crookedness oscillating resonance frequency of front Naka, and was below 
longitudinal-oscillation resonance frequency (the unit of a table is kHz). From this result, when 
crookedness oscillating resonance frequency was not below longitudinal-oscillation resonance 
frequency, not operating to stability became clear. 

[0026] To the above experimental result, in order to explore the cause, the following experiments 
were conducted. As shown in drawing 4 , the piezoelectric device 110 by which polarization was 
carried out to the side face of an ultrasonic vibrator 100 in the thickness direction as an 
oscillating sensing element was pasted up. This piezoelectric device is 0.3mm in width of face of 
10mm, height of 3mm, and thickness. An adhesion location is right above [ of a drive child ]. It 
pasted up so that the sense of polarization might turn [ field / of the side front of vibrator ] to 
identitas, and it connected to the serial, and considered as Fl terminal. In the rear face of 
vibrator, the polarization sense was made reverse to mutual, and it considered as F2 terminal. 
Fl terminal detects only the longitudinal oscillation of an elastic body, and F2 terminal detects 
only crookedness vibration so that the oscillation mode of drawing 2 may show. 
[0027] Now, the longitudinal oscillation at the time of electrical-potential-difference impression 
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and crookedness vibration were detected to coincidence with Fl and F2 terminal about the 
ultrasonic vibrator to the prototype numbers 0-9. The result is shown in drawing 5 . In this 
drawing, the driven object located up drives to a longitudinal direction. Moreover, that it is with 
positive/negative expresses the time of the forward direction drive and the negative direction 
drive. 

[0028] Drawing 5 (a) has the shape of oscillatory type of the vibrator of the prototype number 0. 
It turns out that it is almost straight-line round trip vibration. In this case, although it does not 
operate or operates, a rate and a thrust hardly come out. 

[0029] Drawing 5 (b) has the shape of oscillatory type of the vibrator of the prototype numbers 
1-5. It has an ellipse upward slanting to the right. In this case, it is stabilized good and operates. 
When the phase contrast of crookedness vibration was set to +pi/4 or 5pi/4 especially to 
longitudinal oscillation (when it is the negative direction drive) (when it is the forward direction 
drive), the maximum thrust and the rate were obtained. 

[0030] Drawing 5 (c) has the shape of oscillatory type of the vibrator of the prototype number 6. 
Although the perfect circle is shown in drawing, it becomes a longwise or oblong ellipse according 
to the amplitude difference of longitudinal oscillation and crookedness vibration in fact. At this 
time, actuation was unstable. When the main shaft of an ellipse was parallel to the driving 
direction of a driven object from now on, it turned out that actuation becomes unstable. 
[0031] Drawing 5 (d) has the shape of oscillatory type of the vibrator of the prototype numbers 
7 9. Although it does not operate in this case, either or operates, a rate and a thrust hardly come 
out. 

[0032] The above experimental result showed a motor being stabilized and not operating, unless 
it is an ellipse vibration upward slanting to the right as shown in drawing 5 (b). 
[0033] This means that it is in the range of 0 - pi/2 before and after phase contrast sandwiched 
pi/4, if it thinks by the Lissajous figure of XY rectangular coordinate system. Furthermore, as 
indicated to claim 1 in addition to the rectangular coordinate system, it means that the angle of 
the vector of the direction which is the vector of the direction of a major axis of ellipse vibration, 
and approaches a driven object, and the velocity vector of the direction which is the velocity 
vector of the tangential direction of this ultrasonic ellipse vibration, and a driven object drives to 
make turns into an acute angle. 

[0034] Next, when the sweep of the amplitude of each oscillation mode and the relation of a 
phase to applied voltage was carried out and the frequency was investigated to the vibrator of 
the prototype numbers 0-9, it became like drawing 6 . In drawing, fl is the resonance frequency of 
longitudinal oscillation and fb is the resonance frequency of crookedness vibration. 
[0035] In the case of the vibrator of the prototype number 0, longitudinal-oscillation mode 
corresponded to the oscillation mode 1, crookedness vibration corresponded to the oscillation 
mode 2, and the phase contrast between fl and fb was pi/2. 

[0036] In the case of the vibrator of the prototype numbers 1-5, longitudinal-oscillation mode 
corresponded to the oscillation mode 1, crookedness vibration corresponded to the oscillation 
mode 2, and the phase contrast between fl and fb exceeded 0, and was less than pi/2. 
[0037] Although longitudinal -oscillation mode corresponded to the oscillation mode 1 in the case 
of the vibrator of the prototype number 6 and crookedness vibration corresponded to the 
oscillation mode 2, most both curves were in agreement. For this reason, fl and fb were in 
agreement and phase contrast was 0. 

[0038] It was longitudinal oscillation that it is the crookedness oscillation mode to deal with the 
oscillation mode 1 in the case of the vibrator of the prototype numbers 7-9, and it deals with the 
oscillation mode 2, and the phase contrast between fl and fb was zero or more. 
[0039] As indicated from the above experimental result to claim 3 as an ultrasonic vibrator Set 
up the resonance frequency of longitudinal oscillation more highly than the resonance frequency 
of crookedness vibration, and it sets to the frequency range more than the resonance frequency of 
crookedness vibration below with the resonance frequency of longitudinal oscillation. Phase 
contrast deltaa of vibration to the alternation electrical potential difference of longitudinal 
oscillation It turned out that it is desirable that phase contrast deltab of vibration to the 
alternation electrical potential difference of crookedness vibration forms in the configuration 
used as 0<(deltaa-deltab) <+pi/2. And the actuation stabilized when the alternation electrical 
potential difference from which a phase differs ** pi/2 in the frequency range more than the 
resonance frequency of crookedness vibration was impressed to the laminating mold 
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piezoelectric device below with the resonance frequency of longitudinal oscillation at this time is 
obtained. 

[0040] However, the above thing is realized when the resonance frequency of an ultrasonic 
vibrator is fixed, in an actual ultrasonic vibrator, while in use, an about 30-degree C temperature 
rise arises, and resonance frequency falls [ longitudinal oscillation and crookedness vibration ]. 
[0041] Then, consider as a drive circuit as shown in drawing 7 , and the detecting signal firom Fl 
and F2 terminal is inputted into a comparison controller. Based on the information on these 
oscillating detection means, the phase contrast theta of the crookedness vibration to longitudinal 
oscillation 0<theta<+pi/2, Or the frequency and phase of an alternation electrical potential 
difference which are impressed to two laminating mold piezoelectric devices were controlled 
below by the resonance frequency of longitudinal oscillation in the frequency range more than 
the resonance frequency of crookedness vibration to be set to + pi<theta <+3pi/2. That is, a 
comparison controller controls the oscillation frequency of an oscillator and controls phase 
contrast by the phase shifter further. This is amplified and an alternation electrical potential 
difference is impressed to an A phase and a B phase. 

[0042] In this example, the thrust and rate which were stabilized even if it was the case where 
the temperature of an ultrasonic vibrator changed with the above control, and resonance 
frequency shifted were obtained. In addition, although two laminating mold piezoelectric devices 
were used in this example, also when three or more electric machine sensing elements are used, 
it can apply. 
[0043] 

[Example 2] Next, the example 2 of this invention is explained. Drawing 8 is the block diagram 
showing the drive circuit of this example. The ultrasonic vibrator, the configuration of a linear 
motor, and the operation are the same as that of an example 1. In this example, the phase 
contrast of the alternation electrical potential difference impressed to the A phase of an 
ultrasonic vibrator and a B phase was fixed to ** pi/2. And only the frequency was controlled by 
the comparison controller. That is, based on the information on Fl and F2, the comparison 
controller of drawing 8 is a frequency range more than the resonance frequency of the 
crookedness vibration below with the resonance frequency of longitudinal oscillation, and 
outputs to an oscillator the signal which controls the frequency of the alternation electrical 
potential difference impressed to two laminating mold piezoelectric devices so that the phase 
contrast theta of the crookedness vibration to longitudinal oscillation may be set to theta=pi / 4, 
or theta=5pi/4. 

[0044] In this example, the thrust and rate which were stabilized even if it was the case where 
the temperature of an ultrasonic vibrator changed with the above control, and resonance 
frequency shifted were obtained. In addition, this example has the advantage to which circuitry 
becomes easy rather than an example 1. 

[0045] In addition, although this invention is not limited to the above-mentioned example, 
compounded longitudinal oscillation and crookedness vibration in the above-mentioned example 
and ultrasonic ellipse vibration was obtained, even if it combines torsional oscillation, skid 
vibration, respiratory vibration, spread vibration, etc., it is realizable similarly, for example. 
Moreover, although applied about the ultrasonic motor of a linear mold in the above-mentioned 
example, the application to the ultrasonic motor of body of revolution, then a rotation mold is 
also possible in a mobile. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the perspective view showing the ultrasonic vibrator by this invention. 
[Drawing 21 It is drawing explaining the oscillation mode of the ultrasonic vibrator of drawing 1 . 
[Drawing 3l It is the front view showing the ultrasonic linear motor by this invention. 
[Drawing 4l It is the front view and rear view showing the ultrasonic vibrator by this invention. 
[Drawing 5l It is drawing explaining an operation of this invention. 
[Drawing 6l It is drawing explaining an operation of this invention. 

[Drawing 7] It is the block diagram showing the drive circuit of the ultrasonic motorised 
equipment by the example 1 of this invention. 
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[Drawing 81 It is the block diagram showing the drive circuit of the ultrasonic motorised 
equipment by the example 2 of this invention. 
[Description of Notations] 

10 Ultrasonic Vibrator 

11 Basic Elastic Body 

12 Laminating Mold Piezoelectric Device 

13 Elastic Member for Maintenance 

15 Drive Child 

16 Pin 

21 Maintenance Plate 

24 Linear Bush 

25 Shaft 

27 Pedestal 

28 Stretching Screw 

29 Spring 

30 Cloth Roller Guide Fixed Part 

32 Cloth Roller Guide Migration Section 
34 Slide Member 



[Translation done.] 



15/15 



